Juvenile fishes were sampled every 15 days from September 2009 to April 2010 along the marine-estuarine gradient (surf zone, estuary and a freshwater stream) of the Mar Chiquita lagoon, Argentina. The temporal variations of juvenile assemblages in spring-summer and the environmental variables related to the spatial and temporal patterns were analysed. Four groups of sampling stations were defined, indicating differences in fish composition among zones during the springearly summer period (Groups I to III), while the composition of juvenile fishes was homogeneous along the marine-estuarine gradient during the late summer-early autumn period (Group IV). Platanichthys platana and Ramnogaster arcuata (Group A) and Odontesthes argentinensis and Brevoortia aurea (Group B) contributed most to the temporal differences observed. The three first species reached this estuarine system in spring, although with lower abundances than in early summer, while B. aurea was dominant in late summer-early autumn, showing different periods of recruitment of these species into the lagoon. After factoring out variation due to shared spatial-temporal-environmental factors (4.43%), canonical correspondence analysis (CCA) showed that temporal factors had an almost five times greater contribution (15.15%) than spatial factors (2.85%) and almost twice as great as the pure environmental factors (8.11%) to explaining the variation in abundance of the juvenile fishes. From the significant environmental variables incorporated in the CCA, wind direction contributed more than water temperature, salinity or transparency in explaining data variability. Indeed, most species were related to "onshore winds" and therefore the importance of wind in the successful recruitment of juveniles into this shallow and micro-tidal estuary is discussed.
INTRODUCTION
The majority of fishes found in estuaries represent those euryhaline marine teleosts that enter these systems in large numbers at particular intervals of their life cycles. Since this immigration typically applies to the young-of-the-year (YOY) class, estuaries are often referred to as fish nursery areas (Potter et al. 1990 ).
The recruitment process into estuaries is presumably in response to certain environmental cues (odours, turbidity and/or salinity gradients) transported into the marine environment from either estuarine or freshwater sources (Whitfield 1994 , Strydom 2003 and/or to tidal currents, particularly in sufficiently deep estuaries where vertical movements of young fishes exploiting flood and/or ebb currents have been proposed (Boehlert and Mundy 1988, Harris et al. 2001 ). These findings also explain why fish larvae and juveniles congregate in the surf zones adjacent to estuaries before colonizing them (e.g. Harris et al. 2001, Watt-Pringle and Strydom 2003) . Once in the estuary, the distribution of juveniles of marine migrant species results from the responses of individuals to multiple environmental variables, which can be either highly dynamic (e.g. salinity, temperature, food availability) or fairly stable (e.g. sediment type, presence of sea grass meadows) (Stoner et al. 2001 , Vasconcelos et al. 2010 .
Seasonality in estuarine fish assemblages, however, is mainly attributed to the phasing of events that regulate spawning times in marine waters and larval drift to the coast (Potter et al. 2001) . In temperate ecosystems, juveniles inhabit estuaries mostly throughout spring and summer, benefiting from suitable conditions for growth, namely high food availability and water temperature (Blaber and Blaber 1980, Potter et al. 1990 ), though with some associated physiological cost due to natural (e.g. lower salinity) or artificial (e.g. pollution) stressors (Amara et al. 2007) .
In temperate Argentine waters, fish reproduction activity of most species spans from late winter to late summer (i.e. September to April, Cousseau and Perrotta 2004) . In the northern region of the Argentine continental shelf, two major nursery grounds have been recognized for coastal fishes: the Río de la Plata estuary (35°S 56°W) and the El Rincón-Bahía Blanca estuary (40°S 62°W) (Sánchez and Ciechomski 1995) . Both are large estuarine systems having in common most of their ichthyofauna. In between, the small (46 km) and very shallow (0.8-3.0 m) "Mar Chiquita" choked lagoon (37°32'S 57°19'W) is located. Al-though the role of this small lagoon as a nursery ground for fishes has been largely recognized (e.g. Martinetto et al. 2007 , González-Castro et al. 2009 , Valiñas et al. 2010 , neither the temporal pattern of juvenile assemblages occupying the marine and the estuarine environments nor the factors which drive the recruitment process have been documented. Fishes enter the lagoon not only as juveniles but also as larvae; those tiny stages characterized by poor swimming abilities take advantage of wind-driven currents to recruit into the lagoon (Bruno et al. 2014) . Though juveniles do not necessarily require assistance of currents to move, they may use them to increase the surplus power (energy per unit time) in order to save energy that could be channeled into growth (Miller et al. 1985) .
Therefore, this study aims to assess the recruitment of juvenile fishes into a micro-tidal and shallow temperate choked lagoon. In order to do so, the temporal variation of juvenile assemblages in spring-summer was analysed along three different locations: the surf zone, the estuary and a freshwater stream. The main environmental variables which drive the recruitment process of juveniles were also evaluated. Specifically, we expected that winds and/or tides, which rule Mar Chiquita's water level oscillations (Reta et al. 2001) , could be driving the recruitment of juveniles into the lagoon.
MATERIALS AND METHODS

Study area
The study area included the surf zone adjacent to Mar Chiquita lagoon's mouth, the lagoon's inlet channel and the Vivoratá stream which discharges into the inlet channel ( Fig. 1) . A brief description of each type of environment is given below.
Surf zone: the region where the lagoon discharges to the sea is characterized by sandy beaches (Merlotto and Bértola 2009 ) with surf zones of moderate energy for the most part of the year (Bértola 2006) . However, strong southeasterly storms, which may last from 1 to 6 days and which peak in early spring and mid-summer, enhance the energy of the surf zones (Merlotto and Bértola 2009 ).
Inlet channel: A sandy-muddy bottom characterizes the channel (6 km long, 200 m wide and 0.8 to 3.0 m in depth) and extends from the mouth to a bridge (about 5 km upstream) built at the head of the inlet, which induced a large shoaling of this area.
Tidal effect is only perceived up to the bridge (Reta et al. 2001) . Temperature and salinity are extremely variable (González-Castro et al. 2009 . Intrusion of the saline wedge varies according to tidal cycles and the wind direction. Strong winds from the sea (SW, S, SE, E) force the marine waters to enter the lagoon several kilometres from the mouth, while strong continental winds (NE, N, NW, W) aid the fast discharge of the lagoon water into the sea (Reta et al. 2001) .
Vivoratá stream: Mar Chiquita lagoon receives the discharges of several freshwater canals and streams, with the Vivoratá stream being one of the largest and the only one which reaches the inlet channel (Reta et al. 2001) . The portion of this stream under study is characterized by a muddy bottom and the water level oscillates in phase with that of the lagoon. Salinity fluctuates over a wide range depending on rainfall and/ or salt water intrusions.
Biological and environmental sampling
We focus on the spring-summer period because YOY fishes are more abundant in these seasons in temperate estuaries (e.g. Blaber and Blaber 1980 , Potter et al. 1990 , Martino and Able 2003 , Cousseau et al. 2001 . Juveniles were collected every 15 days from September 2009 to April 2010. Samples were taken at 11 stations covering the marine-estuarine gradient, including four stations in the surf zone adjacent to the lagoon's mouth (S1-S4), five stations in the estuary zone (E1-E5) and two stations in the Vivoratá stream, one at the mouth (V1) and the other 900 m upstream (V2) ( Fig. 1 ). Sampling was performed in duplicate (each duplicate was averaged for statistical analysis) during daytime using a 4 m long, 1 m height nylon beach seine net with a 5 mm stretch mesh size and a 2 m cod-end. The net was pulled against the current for 50 m parallel to shoreline at ~1 m depth, covering an area of about 200 m 2 . Each month, samples were taken at ebb and flood tides at all stations except S1 and S2, which could not be sampled on the ebb tide of April due to weather conditions. Fishes were fixed and preserved in 4% buffered formalin-seawater solution, and transported to the laboratory for identification, sorting, counting and measurement (Total length: TL). In highly abundant samples a representative sub-sample of 30 individuals was measured and the rest were counted.
Water temperature (°C), salinity and transparency (cm) were recorded with a hand thermometer, a Hydrobios refractometer and a Secchi disc, respectively. Wave period (seconds between consecutive waves) was also recorded in the surf zone. Average wind speed, mode wind direction and total amount rainfall during the sampling day plus the five previous days, were incorporated in the statistical analysis. Those data were provided by the National Weather Service (Servicio Meteorológico Nacional, Argentina).
Environmental data and fish assemblage analysis
A two-way PERMANOVA using Bray-Curtis distances with 10000 permutations of matrix data (Anderson 2001) was used to test the null hypothesis of no differences in temperature, salinity and transparency among sites (sampling stations), tidal stage (ebb, flood) and their interactions. Significant results were investigated using a posteriori one-way PERMANOVA.
Cluster analysis (CA) using Bray/Curtis dissimilarity measure and group average sorting (Krebs 1989) and an associated Similarity Profiles (SIMPROF) permutation test (Clarke et al. 2008 ) were employed to assess for temporal and spatial variations in juvenile fish abundance by both species and sampling stations. This combination of routines provides a sound statistical basis for identifying those points in the clustering procedure at which further subdivision of samples is unwarranted (Clarke et al. 2008) . The null hypothesis of no significant differences among groups of sampling stations and of species was rejected if the significance level (p) was <0.01. Species abundances were log transformed [i.e. log(x+1)], and those species with less than 5% average occurrence frequency were omitted in order to reduce the effects of rare species in the analysis. Similarity percentages (SIMPER) were used to determine which species were most responsible for the Bray-Curtis dissimilarity between groups defined by the CA-SIMPROF.
Canonical correspondence analysis (CCA) and partial CCA, direct gradient analysis techniques, were used to detect spatial-temporal patterns of variation in fish assemblages from measured environmental parameters (ter Braak and Verdonschot 1995) . CCA was chosen because it assumes unimodal relationships between dependent and independent variables when the length of the first factorial axis obtained by detrended correspondence analysis (DCA) is greater than three standard deviations (Lepš and Šmilauer 2003) . The biological variables were log (x+1) transformed species abundances (only species with more than 5% average occurrence frequency were used). The environmental variables were water temperature (°C), salinity, transparency (cm), monthly rainfall (mm), wind speed (m s -1 ), wind direction, and tidal stage (flood=+1; ebb=0). Since wind direction is a circular variable, it was transformed into a linear variable by using the cosine of the angle that the wind made on two orthogonal axes aligned perpendicular and parallel to the shoreline (Clark et al. 1996 , Beyst et al. 2001 . Onshore winds (SW, S, SE, E) were considered positive (+1), while offshore winds (NE, N, NW, W) were considered negative (-1).
Because temporal variation can show multi-collinearity across spatial scales, there can be a degree of redundancy in the variation explained by temporal and spatial variables (Peres-Neto 2006) . To account for this potential redundancy, we used a seven-step analysis using CCA and partial CCA (i.e. CCA with covariables) to partition into different components the variation in fish abundance explained by independent variables (Lira-Noriega et al. 2007 , Borcard et al. 2011 . We first ran a CCA with all environmental variables (previously, non-correlation of the continuous explanatory variables was verified according to Lira-Noriega et al. 2007 ) and a forward selection combined with a permutation test (Blanchet et al. 2008 ) was used to select those variables that explained additional variance (p<0.05) in the CCA axes (Lira-Noriega et al. 2007 , Borcard et al. 2011 ). The significant variables were retained for use in a partial CCA, in which seven different CCAs were applied on the species abundances. In each analysis, a different set of explanatory variables was used and the total sum of all canonical eigenvalues of each CCA was used to calculate the (pure) effect of the significant variables retained, the pure seasonal effect, the pure spatial effect, the shared information and the residual information (Lira-Noriega et al. 2007 ). Variance inflation factors (VIFs) were calculated to assess for collinearity between all variables. The significance (p<0.05) of the canonical axes and of the variation explained by each variable in the pCCA was tested with a Monte Carlo permutation test (n=1000).
Finally, Spearman's correlations were run to examine general relationships between wave period (not included in CCAs) and abundance of fish species collected in the surf zone.
All statistical analyses were performed using R software (R Development Core Team 2012).
RESULTS
Physical environment
A two-way PERMANOVA revealed significant differences (p(perm) <0.05) in water salinity and transparency among sampling stations but not between tidal stages (Table 1) . Although no significant differences were observed in water temperature either among sampling stations or tidal stages, it matched seasonal trends with lower average values in September (12±0°C) and higher ones in February (22.05±1.7°C) ( Fig. 2A ).
Salinity varied from typical marine water in the surf zone (>30) to brackish water in the estuary (13-34) and the Vivoratá stream (7-34). Salinity values recorded in the surf zone (S1-S4) were higher than those recorded at the two innermost stations of the estuary zone (E4 and E5) and the Vivoratá stream (V1 and V2) ( Fig.  2B ). The innermost sampling station of the Vivoratá stream (V2) showed the lowest values (mean=18.63; median=20, min=7) and was significantly different from all other stations ( Fig. 2B ).
Water transparency also reflected a spatial gradient with lower values in the surf zone, reflecting a more turbulent environment due to wave action and higher in the estuary zone with calmer conditions (Fig. 2C ). Transparency recorded at sampling stations E1 and E5 was significantly higher than those recorded at all sampling stations of the surf zone. Also, transparency recorded at E1 was significantly higher than that recorded at V2 (Fig. 2C ).
Rainfall was more abundant in March (145.6 mm) and less abundant in October (42.3 mm) ( Fig. 3A) .
Strong (>10 m s -1 ) southerly winds were dominant in September [Frequency (F)=38.71%)] (Fig. 3B ), while strong northerly winds were dominant in October (F=35.48%) ( Fig. 3C ), November (F=22.58%) ( Fig. 3D ), March (F=29.03%) ( Fig. 3H ) and April (F=29%) (Fig. 3I ). On the other hand, strong easterly winds were dominant in December (F=32.26%) ( Fig.  3E) , January (F=32.26%) (Fig. 3F ), and February (F=35.71%) ( Fig. 3G ).
Juvenile fish composition and spatial-temporal variations
A total of 22240 individuals belonging to 22 species were collected during the study period (Table 2 ). Catches were dominated by YOY of most species, based on fish lengths examined (Table 2 ). However, small-sized species such as Platanichthys platana, Ramnogaster arcuata and Jenynsia multidentata (Whitehead 1985 , Rosso 2006 were likely represented by both juvenile and adult stages.
The species were of marine origin, except for a few species of freshwater origin, namely J. multidentata, Oligosarcus jenynsii, Pimelodella laticeps and Rhamdia quelen. Odontesthes argentinensis was the most frequent species in the three zones (Table 2 ). However, P. platana was the most abundant species in the surf zone and the estuary zone, while Brevoortia aurea was the most abundant species in the Vivoratá stream (Table 2). The CA and SIMPROF procedures, carried out using the log-transformed abundance of each fish species at each of the 174 sampling stations, demonstrated four significantly different groups (I to IV, Fig. 4 ). Group I was constituted by sampling stations of spring (September to November) from the estuary and the Vivoratá stream. Group II was constituted by sampling stations of spring-early summer (September to January) from the surf zone. Group III was constituted by sampling stations of early summer (December and January) from the estuary and the Vivoratá stream, and Group IV was constituted by sampling stations of late summer-early autumn (February to April) from the three zones. Group I was characterized by cooler temperatures (12-19°C) than Group III (19-25°C); rainfall was even in the two groups (217 and 238.2 mm, respectively); and northerly winds were dominant in Group I while easterly winds were dominant in Group III. Group II was characterized by the combination of the factors described for Groups I and III. On the other hand, Group IV was characterized by warmer temperatures (12-26°C), less rainfall (340.15 mm) and easterly (onshore) winds. Four fish assemblages (A to D) were defined by the CA and SIMPROF procedures (Fig. 4) . Fish assemblages A (R. arcuata and P. platana) and B (O. argentinensis and B. aurea) were mostly responsible for the differences between groups of stations (SIM-PER contribution >62%; Table 3 ). During spring and early summer, R. arcuata, P. platana and O. argentinensis were more abundant in the surf zone (Group II) and in the estuary and Vivoratá stream (Groups I and III) ( Fig. 4) . Brevoortia aurea, on the other hand, was dominant during the late summer-early autumn period in all three zones sampled (Fig. 4) . Species from fish assemblages C (Pogonias cromis, J. multidentata, Menticirrhus americanus, Anchoa marinii, Oncopterus darwinii, Paralichthys orbignyanus, Lycengraulis grossidens, Diplodus argenteus) and D (Mugil liza and Micropogonias furnieri) were more abundant in late summer-early autumn (Group IV) than in spring and early summer (Groups I to III) although with less contribution in the significant differences among groups (Table 3) .
Fish composition related to environmental variables
CCA using seasons and zones as factors and temperature, salinity, transparency and wind effect as environmental variables explained 30.57% of the variation in fish abundance during the study period (Table 4) . Tidal effect, rainfall and wind speed were not included in the CCA analysis because they showed no significant contribution to the model according to the forward selection procedure. The ordination diagram shows two gradients (Fig. 5 ). The first gradient corresponds to seasonal variations contrasting sampling stations belonging to late summer-early autumn associated with "onshore winds" on the right, and to spring and early summer associated with "offshore winds" on the left (Fig. 5 ). On the other hand, the second gradient corresponds to spatial variations contrasting sampling stations of the estuary associated with warmer, saltier and more transparent waters on the top, and of the surf zone and the Vivoratá stream associated with the opposite conditions on the bottom (Fig. 5) . Abundance of juvenile fishes was strongly associated with these gradients. Ten of the fourteen species incorporated in the analysis were associated with the late summer-early autumn period and with onshore winds. Of these ten species, A. marinii, B. aurea, D. argenteus, L. grossidens, M. americanus and M. furnieri were also associated with the estuary and more transparent waters in the top-left of the diagram, while J. multidentata, M. liza, P. orbignyanus and P. cromis were associated with the Vivoratá stream and lower water temperature and salinity (Fig. 5) . Two (O. argentinensis and O. darwinii) of the remaining four species were associated with the early summer period, the estuary and warmer and saltier conditions, whereas P. platana and R. arcuata were associated with the spring period, the surf zone and less transparent water conditions (Fig. 5) .
Using partial CCAs, we estimated that the contribution of the pure seasonal effect (15.15%; sum of all canonical eigenvalues =0.2941) was almost five times higher than that of the pure spatial effect (2.85%; sum of all canonical eigenvalues =0.0552) and almost twice the pure retained environmental variables (8.11%; sum of all canonical eigenvalues =0.1573) ( Table 5 ). The remaining portion of variation (4.43%) resulted from the intersection of the explanatory variables sets. VIF values of all explanatory variables were <2, showing non-collinearity (Table 4 ).
All the species of those collected in the surf zone except three showed a significant correlation with the wave period (Table 6 ). Relationships between the abundance of B. aurea, M. furnieri, M. liza, O. argentinensis, P. platana and R. arcuata were stronger with a longer wave period (more seconds between consecutive waves) while the abundance of L. grossidens, M. Abbreviations are as follow: Spr, spring months; Esum, early summer months; Lsum, late summer-early autumn months; Surf, surf zone; Est, estuary; Viv, Vivoratá stream; temp, temperature; sal, salinity; trans, transparency; onshore, onshore winds. See Table 2 for species abbreviations. (Table 6 ).
DISCUSSION
Spatial and temporal variation in juvenile fish assemblages
Our results revealed a higher number of fish species and also abundance in inner areas of Mar Chiquita than in the adjacent surf zone (Table 1) . Several studies have demonstrated that surf zones may be used as nursery areas for early stages of fishes (e.g. Cowley et al. 2001 , Strydom 2003 , Watt-Pringle and Strydom 2003 .
However, examples of surf zones that are only used as a transient route from the sea to the estuary for some fish species have also been documented (e.g. Harris et al. 2001) . For Mar Chiquita lagoon, a decline in fish larvae abundance and diversity in the surf zone compared with the adjacent sea and the estuary has recently been noted (Bruno et al. 2014) and is mainly attributed to the comparatively high wave energy of the surf zone. Moreover, data on juveniles sampled about 1 to 2.5 km off Mar Chiquita's inlet (J.M. Díaz de Astarloa and E. Mabragaña, unpublished data) showed a higher number of fish species as compared with our results in the surf zone with several species in common. These facts support the idea that the harshness of the surf zone may not be suitable for the residence of young fishes and, therefore, the surf zone adjacent to Mar Chiquita's inlet acts only as a transient corridor between the sea and the lagoon.
Nevertheless, after factoring out common spatialtemporal variation (4.43%), our partitioning analysis showed that the temporal dimension (after controlling the variation related to spatial scale) had an almost five times greater contribution (15.15%) than the spatial scale (2.8%) to explaining variation in abundance of juvenile fishes recruiting to this shallow and micro-tidal choked lagoon. This same pattern has been observed in the recruitment of fishes into the Patos Lagoon Estuary (southern Brazil) (Garcia et al. 2012 ) which, despite the larger size area (10360 km 2 ) compared with Mar Chiquita coastal lagoon (46 km 2 ), has a very similar shape and host a common fish fauna (e.g. Cousseau et al. 2001 , Garcia et al. 2003 , González-Castro et al. 2009 ) with our system under study.
No distinctive fish assemblages for each of the zones have been observed, as also reported by Harris et al. (2001) in the ocean-estuarine gradient of the Northern KwaZulu-Natal Coast (South Africa) and by Martino and Able (2003) in the ocean-riverine gradient of the Mullica River-Great Bay estuary (USA). However, four groups of sampling stations were defined by the CA (Fig. 4) , indicating differences in fish composition among zones during the spring-early summer period (Groups I to III) while the composition of juvenile fishes was homogeneous along the marine-estuarine gradient during the late summer-early autumn period (Group IV). Within the surf zone, it was observed that fish composition found during spring was similar to that found during early summer months (Fig. 4) . The low abundance and diversity of fishes recorded in this area probably prevented us from detecting significant temporal differences in fish composition between spring and early summer.
The two fish assemblages that most contributed to the temporal differences (Table 3) , were composed of four main species: P. platana and R. arcuata (Group A), and O. argentinensis and B. aurea (Group B) ( Fig.  4) . Different periods of recruitment of these species into the lagoon were observed. Platanichthys platana and R. arcuata reached first the Mar Chiquita marineestuarine system in spring, although with lower abundances than in early summer. R. arcuata occurs in coastal environments (Whitehead 1985) , so immigration from the sea is expected. Conversely, P. platana has long been recognized as a fresh-and brackish-water species (Whitehead 1985) with an ongoing trend to be regarded as an estuarine resident and migrant (e.g. Plavan et al. 2010 ) and also as an inhabitant of coastal environments (Rosso 2006) . Since previous studies in Mar Chiquita demonstrated lower abundances of this species in the inner areas of the lagoon (with oligohaline waters) than near to the mouth (González-Castro et al. 2009 ), further investigation is needed in order to elucidate the direction of movement of this species. However, the early ingress of these two Clupeids likely reflects a winter spawning period near Mar Chiquita's inlet area, which has only been reported for R. arcuata in the Río de la Plata estuary (Rodríguez et al. 2008) .
Odontesthes argentinensis was also one of the first species to reach the Mar Chiquita system and similarly, to the two species mentioned above, its abundance was higher in the subsequent months. The reproductive season for this species extends from October to November (austral spring) on the Argentine coast (40-41°S) (Llompart et al. 2013), and González-Castro et al. (2009) reported a broader period (from winter to spring months) of probable spawning activity within this lagoon. Although our sampling strategy does not allow us to estimate the fishes' direction of movement, the lack of spawning females of the most abundant marine species within Mar Chiquita , González-Castro et al. 2011 ) could indicate that most of the young fishes occurring in the lagoon should be spawned at sea. However, the early (spring months) ingress of O. argentinensis juveniles into the study area may be either from the sea or from inside the lagoon.
Juveniles of B. aurea were more abundant during summer and autumn in agreement with previous Table 6 . -Spearman rank correlation coefficients (r) between fish juvenile abundance and wave period (seconds between consecutive waves) of the species collected in the surf zone during the study period. * (p<0.05), ** (p<0.01) and *** (p<0.001) denote significant correlations. (Cousseau et al. 2001 , Bruno et al. 2013 ) and other similar estuarine systems in Argentina (Acha and Macchi 2000) , Brazil (Muelbert and Weiss 1991) and Uruguay (Plavan et al. 2010) . The late arrival of B. aurea to the Mar Chiquita system relies on a later onset of the reproductive season (late winter/ early summer) in the Argentine coast (Acha and Macchi 2000) . In contrast to larvae of other clupeoids from the northern hemisphere (B. tyrannus and B. patronus) (Powell 1994 ) that are spawned offshore and then drift towards the coast, B. aurea larvae in the Río de la Plata estuary are spawned and retained in estuarine waters (Acha and Macchi 2000) . In Mar Chiquita coastal lagoon (~350 km southward of the Río de la Plata estuary) the occurrence of few individuals of B. aurea in advanced maturation ) and the high abundances of eggs and larvae of this species over the inlet channel (Bruno et al. 2014 ) suggest that spawning activity may also occur inside this estuarine system. Nevertheless, the bulk of the spawning must be at sea given the dominance of post-flexion larvae on ichthyoplankton surveys conducted in the area (Bruno et al. 2014) . Therefore, similarly to O. argentinensis, the juveniles of B. aurea found in our study could be spawned inside and/or outside Mar Chiquita, showing a flexible spawning strategy for this species. The ingress of late larvae (post-flexion) and early juvenile fishes into temperate estuaries in high abundance in late summer is the most common recruitment pattern for those species which reproduce in sea waters within late spring-early summer (Potter et al. 2001) . Micropogonias furnieri (Cousseau et al. 2001 , Cousseau and Perrotta 2004 , Bruno et al. 2013 , P. orbignyanus (Cousseau et al. 2001 ) and M. liza (González-Castro et al. 2011) , which comprised the remaining fish assemblages related to this season, fit with this reproductive strategy. These temporal peaks have also been reported in similar estuaries worldwide (Muelbert and Weiss 1991, Cowley et al. 2001 ) and it has been suggested that they tend to coincide with greater estuarine planktonic food sources and higher water temperatures (Dickey-Collas et al. 1996 , Garcia et al. 2012 .
Juvenile fish assemblages and relationships with the environment
Two major phases are recognized in the recruitment into estuaries by species spawned offshore. The first is the accumulation in the coastal zone; and the second is the aggregation near inlets and estuary mouths and eventual passage through them (Boehlert and Mundy 1988) . Aggregations of estuarine associated young fishes in the inshore zone have been related to a number of environmental factors. Winds, tides, river runoff and alongshore currents are the main forces involved in migrations of larvae and juveniles (Boehlert and Mundy 1988) .
Although there were clear gradients of water salinity and transparency throughout the study area (Fig.  2) , neither these factors nor water temperature were as important in explaining the variability of the Mar Chiquita marine-estuarine system as was the wind direction ( Fig. 5, Table 4 ), given that most of the species incorporated in the CCA were associated with "onshore winds". For instance, most species related to saltier conditions (O. argentinensis, O. darwinii) were those related to the estuary zone, while those related to lower salinity values (J. multidentata, M. liza, P. orbignyanus and P. cromis) were related to the Vivoratá stream (Fig. 5) . Though salinity has been categorized as an important factor in detecting estuaries during the recruitment process of juveniles (Blaber and Blaber 1980, Martino and Able 2003) , olfactory cues associated with riverine inputs, and hence estuarine outflow, stimulate the immigration of euryhaline fishes into estuaries and not salinity per se (Whitfield 1994) .
On the other hand, most of the species related to warmer and transparent waters (A. marinii, B. aurea, D. argenteus, L. grossidens, M. americanus and M. furnieri) were those related to the estuary zone and to the late summer period. Conversely, the species related to cooler and less transparent waters (P. platana and R. arcuata) were related to the spring period and the surf zone, which is characterized by a more turbulent environment due to wave action (Fig. 5 ). However, it was observed that most of the species collected in the surf zone were related to episodes of longer wave period (more seconds between waves; Table 6 ), which is an expected pattern as the transition through a less turbulent environment from the sea into the estuary requires a lower energy investment, especially in a life history stage when most surplus power needs to be allocated to growth (Miller et al. 1985) .
To our knowledge, there are few studies dealing with larval and/or juvenile fish distribution in estuaries that include the wind effect on multivariate analysis as a potential variable to explain recruitment patterns. However, a few works on numerical models which couple biological and physical information to study fish and/or invertebrate larvae transport (e.g. Blanton et al. 1999 , Epifanio and Garvine 2001 , Martins et al. 2007 ) have explained that the transport of particles is controlled by wind action. Also, fish productivity inside estuarine systems (like the Patos Lagoon Estuary, Brazil) is highly dependent on the passage of weather fronts in spring when fish eggs are more abundant in the ocean (Martins et al. 2007) . Moreover, previous studies have demonstrated that onshore winds are key issues in the success of fish larvae recruitment from offshore spawning grounds to inner areas of Mar Chiquita instead of tides (Bruno et al. 2014) .
Therefore, because most fish species present in and off Mar Chiquita lagoon are both in larvae (Bruno et al. 2014) and juvenile stages, it may be argued that Mar Chiquita's inlet and the adjacent coastal marine waters form a broad nursery ground for fish larvae and juveniles, the surf zone adjacent to Mar Chiquita's inlet being only a transient corridor between the sea and the lagoon. Therefore, if reproduction takes place at sea near to Mar Chiquita's inlet, individuals may remain in the coastal area immediately offshore of the surf zone or enter the lagoon. These alternative nurseries may be highly beneficial for fish survival (and also to maximize surplus power, sensu Miller et al. 1985) in a system where fish recruitment depends on a relatively erratic forcing such as winds (though with some seasonal trends, Reta et al. 2001 ), instead of a highly predictable agent like tides.
Summarizing, the marine-estuarine gradient along the Mar Chiquita's inlet act as a broad nursery ground for juvenile fishes, although the surf zone between the lagoon and the sea is used as a corridor between the two environments rather than a place to stay. The differential timing of recruitment into this nursery ground by the dominant species may be related to specific differences in spawning periods. However, regardless of the period in which juvenile fishes reach this nursery ground, wind direction seems to be important in their orientation and transportation towards the Mar Chiquita's inlet. Several studies have established that the success of recruitment of juveniles into estuaries relies on vertical movements in order to take advantage of water flows between flood and ebb tides (e.g. Boehlert and Mundy 1988, Primo et al. 2013) . We propose here that for very shallow and micro-tidal estuaries (like Mar Chiquita) wind could play an important role in the success of recruitment of juvenile fishes. Particularly, onshore winds may be determinant in both the accumulation of young fishes near the estuary's mouth and arrival at the inner areas of the estuary, where they will find more favourable conditions for survival.
